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The  MIT  Research  Laboratory  of  Electronics  Joint  Services  Program  is  comprised  of  six¬ 
teen  work  units  spanning  a  broad  array  of  topics  in  high-speed  optics,  surfaces  and  phase 
transitions,  submicron  structures,  electronic  conduction,  properties  of  electronic  intercon¬ 
nects,  and  atomic  and  molecular  physics. 

A  major  emphasis  of  the  work  in  high-speed  optics  has  been  the  development  of 
femtosecond  optical  pulses  by  means  of  nonlinear,  self-limiting  optical  properties.  These 
ultrashort  pulses  have  been  used  as  probes  of  electronic  processes,  and  also  in  the  context 
of  optical  signal  processing.  In  addition,  they  have  been  exploited  in  studies  of  optical 
interactions  with  matter,  which  have  led  to  the  observation  of  new  effects  with  spectroscopic 
applications. 

In  the  area  of  surfaces  and  phase  transitions,  a  balanced  program  includes  both  theorists 
and  experimentalists.  Theoretical  studies  have  allowed  the  accurate  prediction  at  atomic- 
level  dimensions  of  realistic  semiconductor  surfaces  at  room  temperature,  subject  to  de¬ 
position  of  electronic  materials  such  as  aluminum.  These  theories  also  account  for  surface 
reconstruction  among  the  top  monolayers  of  a  substrate  lattice.  Accurate  studies  have  also 
characterized  phase  transitions  in  chemisorbed  systems,  and  high-resolution  x-ray  diffuse 
scattering  has  been  used  to  experimentally  confirm  theoretical  predictions  of  surface  re¬ 
structuring,  as  well  as  to  reveal  new  phenomena  in  modelled  systems.  Unique  phases  in 
colloidal  crystals  have  also  been  revealed  experimentally,  and  a  unique  apparatus  has  been 
built  to  study  chemical  reaction  dynamics  on  semiconductor  surfaces,  thus  providing  for  the 
first  time  an  accurate  characterization  of  chemical  bonding  on  semiconductor  surfaces  as 
a  result  of  common  processing  procedures  such  as  reactive  ion  etching. 

The  JSEP  program  at  MIT  has  built  up  a  strong  submicron  structures  laboratory  which 
utilizes  x-ray  lithography  to  build  a  large  array  of  structures  and  electronic  devices.  One 
example  of  the  exploitation  of  this  capability  is  the  construction  of  very  narrow  field-effect 
transistors,  which  show  quantum  confinement  effects,  and  which  have  led  to  a  new  under¬ 
standing  of  electronic  conduction  in  submicron  silicon  field-effect  transistors.  In  addition 
to  the  experimental  studies  with  these  devices,  a  new  picture  of  quantum  transport  in  low¬ 
dimensional  disordered  systems  has  been  achieved.  By  means  of  the  control  of  kinetic 
growth  processes,  the  microstructural  evolution  of  thin-film  electronic  materials  (including 
both  semiconductors  and  metals)  has  been  extensively  studied  and  characterized  with  a 
view  toward  providing  high-quality  semiconductor  materials,  as  well  as  metals  with  large 
grain  size  which  are  resistant  to  electromigration.  Following  the  theme  of  studying  the 
properties  of  interconnect  structures,  basic  electromagnetic  studies  of  multilayer  media 
have  been  made  in  the  time  domain  so  that  transmission  characteristics  in  complex  com¬ 
puter  interconnect  structures  can  be  precisely  understood. 

A  major  thrust  of  the  MIT  Research  Laboratory  of  Electronics  JSEP  program  has  been 
fundamental  studies  in  atomic  and  molecular  physics.  Recently,  with  the  advent  of  laser 
techniques  to  provide  for  atom  isolation,  new  experiments  have  been  initiated  which  are 
expected  to  lead  to  precision  measurements  of  mass  and  time  using  these  trapped  atomic 


particles.  Our  expectation  is  that  improvements  in  time  accuracy  of  approximately  three 
orders  of  magnitude  will  be  achieved  as  contrasted  to  currently  available  atomic  clocks, 
which  were  also  invented  in  the  MIT  JSEP  program.  In  addition,  mass  measurements  are 
expected  to  be  improved  by  at  least  two  orders  of  magnitude,  thus  opening  many  new  op¬ 
portunities  in  mass  spectrometry.  These  studies  have  grown  naturally  from  a  context  of 
molecular,  atomic,  and  atom  field  interactions  studied  over  many  years  in  the  JSEP  pro¬ 
gram  at  a  fundamental  level. 
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Saturation  Dymanics  in  GaAs."  (invited  paper)  (p.  50) 

IUPAP  International  Conference  on  Thermodynamics  and  Statistical  Mechanics,  16th,  Boston, 
Massachusetts,  August  11-15,  1986 


McKay,  S.R.,  and  A.N.  Berker,  "Phase  Diagram,  Specific  Heat  and  Magnetization  of  the  d  =  3 
Random-Field  Ising  Model.” 

Localized  States  in  Petrohydrolic  Bonded  Amorphous  Solids  Workshop,  Bloomfield  Hills, 
Michigan,  June  18-20,  1986 

Joannopoulos,  J.D.,  and  Y.  Bar-Yam,  "Structure  and  Electronic  States  in  Disordered 
Systems.” 

Massachusetts  Institute  of  Technology  Physics! Industry  Forum  on  Physics  in  One  and  Two 
Dimensions,  Cambridge,  Massachusetts,  October  29-30,  1986 

Smith,  H.I.,  “Fabrication  and  Physics  of  Very  Short,  Very  Narrow  and  Planar  Superlattice 
MOSFET's.” 

Materials  Research  Society  Meeting,  Boston,  Massachusetts,  December  2-6,  1985 
Papers  in  Proceedings: 

Stathis,  J.H.,  and  M.A.  Kastner,  “Photoinduced  Paramagnetic  Defects  in  Amorphous  Silicon 
Dioxide.”  (pp.  161-176) 

Microcircuit  Engineering  '87,  International  Conference  on  Microlithography,  Jouy-en-Josas, 
France,  September  22-25,  1987 

Papers  in  Proceedings: 

Anderson,  E.H.,  D.P.  Kern,  and  H.l.  Smith,  "Fabrication  by  Tri-Level  Electron-Beam 
Lithography  of  X-Ray  Masks  with  50nm  Linewidths,  and  Replication  by  X-Ray 
Nanolithography.” 

Schattenburg,  M.L.,  I.  Tanaka,  and  H.l.  Smith,  "Microgap  X-Ray  Nanolithography." 

National  Academy  of  Sciences,  Symposium  on  Interfaces  and  Thin  Films,  Washington,  DC, 

March  23-24,  1987 

Birgeneau,  R.J.,  "Liquids,  Crystals,  and  Liquid  Crystals.” 

Naval  Research  Laboratory,  Washington,  DC,  July  16,  1986 
Smith,  H.I.,  "Submicron  Structures  Research  at  MIT.” 

Oji  International  Seminar  on  Highly  Excited  States  of  Atoms  and  Molecules,  Fuji-Yoshida,  Japan, 
August  20,  1986 

Papers  in  Proceedings: 

Kleppner,  D.,  “An  introduction  to  Cavity  Quantum  Electrodynamics."  (pp.  53-59) 

Optical  Society  of  America,  Annual  Meeting,  Washington,  DC,  October  14-18,  1985 

Abstracts  in  Digest  of  Technical  Papers:  J.  Opt.  Soc.  Am.  2(13)  (1985): 

Fujimoto,  J.G.,  and  T.K.  Yee,  “Analysis  of  Strong  Light-Matter  Interaction  Using  a  Dressed 
Propagator  Approach.”  (p.  30) 


Optical  Society  of  America,  Fifth  Topical  Meeting,  Snowmass,  Colorado,  June  16-19,  1986 


Papers  in  G.R.  Fleming  and  A.E.  Siegman  (Eds.),  Ultrafast  Phenomena  V.  New  York: 
Springer-Verlag,  1986 

Farrar,  M.R.,  L.R.  Williams,  Y.X.  Yan,  L.T.  Cheng,  and  K.A.  Nelson,  “Impulsive  Stimulated 
Rayleigh,  Brillouin,  and  Raman  Scattering:  Experiments  and  Theory  of  Light  Scattering 
Spectroscopy  in  the  Time  Domain.”  (pp.  532-535) 

Schoenlein,  R.W.,  W.Z.  Lin,  J.G.  Fujimoto,  and  G.L.  Eesley,  “Femtosecond  Studies  of  None¬ 
quilibrium  Electronic  Processes  in  Metals.”  (pp.  261-263) 

Optical  Society  of  America,  Annual  Meeting,  Seattle,  Washington,  October  19-24,  1986 

Abstracts  in  Technical  Digest: 

Fujimoto,  J.G.,  “Short  Course  on  Femtosecond  Pulse  Generation  and  Measurement.” 

Pritchard,  D.E.,  C.E.  Wieman,  E.L.  Raab,  R.N.  Watts,  V.  Bagnato,  and  R.  Stoner,  “Light  Traps 
Using  Spontaneous  Forces.” 

Recent  Advances  in  VLSI,  MIT  Industrial  Liasion  Program  Sponsored  Symposium,  Santa  Clara, 
California,  January  30,  1986 

Smith,  H.I.,  “Submicron  Structures  and  Quantum-Effect  Devices.” 

Topical  Meeting  on  Picosecond  Electronics  and  Optoelectonics,  2nd,  Incline  Village,  Nevada, 
January  14-16,  1987 

Brorson,  S.D.,  J.G.  Fujimoto,  and  E.P.  Ippen,  "Femtosecond  Nonequilibrium  Electronic  Heat 
Transport  in  Thin  Gold  Films.” 

Solid  State  Devices  and  Materials  International  Conference,  Tokyo,  Japan,  August  19-23,  1986 
Papers  in  Proceedings: 

Smith,  H.I.,  “A  Statistical  Analysis  of  Microlithography.”  (invited  paper)  (pp.  13-16) 

SPIE  Conference  on  Fiber  Optoelectronics  and  Laser  Applications  in  Science  and  Engineering, 
Cambridge,  Massachusetts,  September  21-26,  1986 

Papers  in  SPIE.  vol.  719: 

Ezekiel,  S.,  “A  Brief  History  of  Fiber  Gyros  and  MIT's  Contributions  to  Fiber  Gyro  Develop¬ 
ment.”  (pp.  9-16) 

Statistical  Mechanics  Meeting,  58th,  New  Brunswick,  New  Jersey,  December  17-18,  1987 

Hui,  K.,  "Reentrant  Behavior  of  an  Anti-Metamagnet  in  a  Magnetic  Field.” 

Marko,  J.F.,  “Optimized  Direct  Correlations  and  Ordering  in  the  Hard  Ellipsoid  Fluid.” 

Texas  Instruments  Presentation,  Dallas,  Texas,  April  6,  1987 

Allen,  J.,  “Future  Directions  in  DSP  Chips.”  (invited  paper) 

International  Symposium  on  Gallium  Arsenide  and  Related  Compounds,  13th,  Las  Vegas, 
Nevada,  September  28  -  October  1,  1986 

Proceedings: 


Abstracts  in 


Chou,  Y.,  C.  Lam,  D.A.  Antoniadis,  H.l.  Smith,  and  C.G.  Fonstad,  “Characterization  of 
Modulation-Doped  FEET's  Using  the  Shubnikov-DeHaas  Oscillations.”  (pp.  40-41) 

VLSI  CAD  Tools  and  Applications  Summer  School,  Beatenberg,  Switzerland,  July  21  -  August  1 
1986 

Allen,  J.,  “Introduction  to  VLSI  Design.” 


